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2013.10.0Abstract Detection of drugs from hair samples has become an imperative technique in forensic
toxicological analysis. In this study, hair samples were collected from 20 cannabis users undergoing
treatment at a rehabilitation center at different time intervals. Hair samples were cleaned and
digested, followed by extraction and quantiﬁcation of THC by GC–MS. At LOD of 0.1 ng/mg
of THC, the concentration ranged from 0.16 to 2.3 ng/mg (mean, 0.95 ng/mg). Results indicate that
THC is detectable after 3 months of last drug intake.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Forensic Medicine Authority.1. Introduction
Cannabis is an annual, ﬂowering herb of the family of
Cannabaceae. The genus Cannabis has been diversiﬁed into
various species, such as Cannabis sativa, Cannabis indica, and
Cannabis ruderalis.1,2 Cannabis indica is cultivated in
Indian subcontinents for production of various cannabinoids.
Cannabis is used for medicinal and quasi-medicinal, religious
and social customs and euphoric purposes.3,4 In India,
Cannabis is consumed in three forms: Bhang (leaves, fruit),
Ganja (ﬂowering tops and twigs) and Charas (resinous exuda-
tion of leaves, twigs and stems).5–7 The active constituent of@gmail.com (H. Khajuria),
nsic Medicine Authority.
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identiﬁed so far. Use of THC leads to euphoria as it stimulates
brain cells to release dopamine, because of which THC is a
popular drug.8–10
Hair samples are extensively being used for detection of
drugs for forensic analysis purposes.11–16 The number of
drug-facilitated crimes has increased in recent years. Accord-
ing to the National Crime Record Bureau (NCRB, India),
large numbers of cases have been registered under the NDPS
Act and cases pertaining to cannabis derivatives topped that
list.17 In various cases, complaints are made to police long
after any drugs would have been eliminated from blood or ur-
ine. Once incorporated into the growing hair, the drug can be
detected long after it has been eliminated from more conven-
tional samples, such as blood and urine.18–22 Accordingly, hair
analysis has found applications in drug treatment program,
workplace testing, criminal justice cases and child custody dis-
putes.23 This study was conducted with an objective to ﬁnd out
the retention period of THC in human hair by GC–MS (see
Fig. 1).orensic Medicine Authority.
Figure 1 Chemical Structure of D9-tetrahydrocannabinol
(THC)3.
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2.1. Sample
15–20 scalp hair strands were taken from 20 subjects (Canna-
bis addicts) from a rehabilitation center in Delhi (Navjyoti
Nasha Mukti Kendra) three times during the period of the
study, i.e., on the day of admission, then after 45 days, and ﬁ-
nally after 90 days. Hair samples were collected from all parts
of the scalp in order to overcome ambiguity in distribution of
THC in hair due to the variable hair growth rate on different
parts of the scalp.2.1.1. Sample inclusion criteria
 Only those subjects were considered who have been admit-
ted to the above-mentioned rehabilitation center on the date
of the sample collection.
 Only those subjects were considered who have taken drugs
within a period of one week prior to the admission.
 Healthy subjects aged between 18 and 30 years were consid-
ered for this study.Table 1. Details of individuals (Cannabis Addicts) from rehabilitat
Sample No. Age (Yrs.) Hair color Daily dose (g) D
1 24 Black 5 3
2 21 Black 4 4
3 22 Brown 5 6
4 24 Brown 1.5 3
5 22 Black 3 3
6 25 Brown 5 2
7 24 Black 3 3
8 28 Brown 2 1
9 20 Brown 2.5 2
10 24 Black 3 3
11 20 Brown 1 1
12 19 Brown 1 3
13 26 Black 2 5
14 24 Black 2 3
15 23 Black 3 4
16 26 Black 2 3
17 24 Brown 2.5 2
18 27 Brown 5 3
19 21 Brown 3 1
20 20 Black 1.5 22.1.2. Sample exclusion criteria
 Subjects admitted to the above-mentioned rehabilitation
center before and after the date of sample collection were
not considered for the study.
 Subjects who have not taken drugs within a period of one
week prior to the admission were not considered for the
study.
 Subjects showing any psychotic disorder or any other phys-
ical illness were excluded from this study.
 Subjects who have undergone any kind of cosmetic hair
treatment were excluded from the study.2.2. Sample analysis
Typically, each procedure includes the following steps: sample
decontamination, digestion or extraction of the hair sample
and quantiﬁcation of the various analytes.
Step 1: Sample decontamination
Washing the hair specimen with 1 ml methanol for 15 min at
37 C followed by three 30-min washes with phosphate buffer
(pH 6) at 37 C to remove any externally bound.24,25
Step 2: Digestion or extraction of the hair sample
Hair sample (50 mg) was incubated in a sodium hydroxide
solution for 20 min at 95 C and extracted with n-hexane: ethyl
acetate (9:1). The organic extract after drying was dissolved in
20 lL cyclo-hexane.26
Step 3: Quantiﬁcation of the various analysts
Quantiﬁcation was performed with a GCMS (Shimadzu
QP2010). The injector temperature was 280 C and the ﬂow
rate of the carrier gas (helium) was 1.0 mL/min. The oven
was maintained at 110 C for 3 min, then at 210 C for 2 minion center and quantity of THC detected.
uration (Yrs.) Presence of D9-THC in hair in ng/mg
1st Day 45th Day 90th Day
1.5 1.4 1.4
1.5 1.5 1.4
2.3 2.1 2.1
0.8 0.8 0.7
1.2 1.2 1.2
1 0.9 0.9
1.1 1.1 1
0.16 0.14 0
1.3 1.2 1
1.3 1.3 1.2
0.1 ND ND
0.3 0.3 0.3
1.8 1.8 1.6
1.1 1.1 1.1
1.3 1.3 1.2
0.9 0.9 0.8
0.5 0.5 0.5
1.1 1 1
0.12 0.12 ND
0.6 0.6 0.5
Table 2 Analysis of Variance (ANOVA).
Groups Count Sum Average Variance
SUMMARY
1st Day 20 19.98 0.999 0.3374
45th Day 20 19.26 0.963 0.3151
90th Day 20 17.9 0.895 0.3121
Source of variation SS df MS F P-value F crit
ANOVA
Between Groups 0.11157 2 0.05579 0.1735 0.8411 3.1588
Within Groups 18.3261 57 0.32151
Total 18.4376 59
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detector was operated under SIM mode.
3. Results and discussion
Delta-9-tetrahydrocannabinol (THC) was analyzed for this
study as this is the major psychoactive compound in Cannabis
and is of signiﬁcant interest in forensic science. Results indicate
that 95% and 90% of the samples showed the presence of
detectable D9-tetrahydrocannabinol (THC) in the hair until
the 45th day and 90th day respectively at a LOD of 0.1 ng/
mg (Table 1). The range for the concentration of D9-THC in
the hair sample was 0.16–2.3 ng/mg (mean, 0.95 ng/mg), which
was consistent with the available literature.27
T-Test has been performed to ﬁnd out any signiﬁcant dif-
ference between the THC absorption in black and brown hairs.
The result indicates that the difference is not statistically signif-
icant at 95% level. Results were also subjected to statistical
analysis (ANOVA) to ﬁnd out any signiﬁcant difference be-
tween the mean across the three groups. The analysis of vari-
ance table (Table 2) shows F (2.57) = 0.175, p-value for this
statistic is p greater than 0.05 (reported in the table as
0.8411). This means the F ratio does not lie in the critical re-
gion. Thus, there is no evidence at 5% signiﬁcance level to sug-
gest any difference between the three groups. Therefore, it can
be concluded that once the drug gets incorporated in the hair,
it will remain there for at least three months.
4. Conclusion
The study indicates that once the drug incorporates into the
hair, it will remain there (at least for 90 days after the last in-
take). This method has application in forensic toxicology as by
the time drug-facilitated crimes are reported to police; these
drugs would have been eliminated from the conventional sam-
ples, such as blood or urine. The negative test only indicates
that the amount was not detectable. There may be various rea-
sons for that, such as duration, quality and quantity of drug
consumed, and analytical problems (i.e., extraction methods,
sensitivity of the analytical instrument, etc.). In future, with
the modernization and advancement of analytical tools and
techniques, analyses of hair for drug abuse will emerge as a
godsend gift for the forensic community.
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